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Assistant Commissioner for Patents Box Patent Application 

Washington, D.C. 20231 



Re: U.S. Utility Patent Application under 37 C.F.R. § 1 .53(b) 

Appl. No. (To be Assigned; Rule 53(b) Continuation of 09/048,242); 

Filed: (Herewith) 

For: Nucleic Acid Ladders 

Inventors: HU et al. 

Our Ref: 0942.4340002/RWE/BJD 

Sir: 

The following documents are forwarded herewith for appropriate action by the U.S. 
Patent and Trademark Office: 

1 . USPTO Utility Patent Application Transmittal Form PTO/SB/05; 

2. U.S. Utility Patent Application entitled: 
Nucleic Acid Ladders 

and naming as inventor(s): 



A-Li W. HU 
James L. HARTLEY 
Heather J. JORDAN 



Sterne, Kesslek, Goldstein & Fox p.l.l.c. 



Assistant Commissioner for Patents 
December 23, 1999 
Page 2 



the application consisting of: 



a. 



A specification containing: 



(i) 23 pages of description prior to the claims, including a sequence 
listing on pages 21 to 23; 

(ii) 7 pages of claims (34 claims); 

(iii) a one (1) page abstract; 

b. 3 sheets of drawings: (Figures 1-3); 

3 . Preliminary Amendment and Submission of Substitute Sequence Listing; 

4. A paper copy of the Substitute Sequence listing (pages 1-3); 

5. A computer readable diskette copy of the Substitute Sequence listing; 

6. Authorization to Treat a Reply As Incorporating An Extension of Time 
Under 37 C.F.R. § 1.136(a)(3); and 

7. Two (2) return postcards. 

It is respectfully requested that, of the two attached postcards, one be stamped with the 
filing date of these documents and returned to our courier, and the other, prepaid postcard, be 
stamped with the filing date and unofficial application number and returned as soon as possible. 

This patent application is being submitted under 37 C.F.R. § 1.53(b) without Declaration 
and without filing fee. 



Respectfully submitted, 



Sterne, Kessler, Goldstein & Foxp.l.l.c. 




Brian J. Del Buono 
Agent for Applicants 
Registration No. 42,473 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 
WJetal. 

Appl. No.: (To be assigned; Rule 53(b) 
Continuation of 09/048,242) 

Filed: (Herewith) 

For: Nucleic Acid Ladders 



Art Unit: (To be assigned) 
Examiner: (To be assigned) 

Arty Docket: 0942.4340002/RWE/BJD 



Preliminary Amendment 
and Submission of Substitute Sequence Listing 



Assistant Commissioner for Patents 
Washington, DC 20231 



Sir: 

In advance of prosecution in the above- identified application, please amend the application 
as follows: 



In the Specification: 

In the specification at page 1, line 3, after "The present application" and before "claims" 
please insert - is a continuation of U.S. Application No. 09/048,242, filed March 26, 1998, 
which — . 



Please delete pages 21-23 (containing the sequence listing from the parent application) in 
their entirety. Please renumber the remaining pages accordingly. 



After the abstract at page 31, and before the drawings, please insert the substitute 
sequence listing appended hereto (pages 1-3). 
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HU et al 

Appl. No.: (To be assigned; 
Rule 53(b) Continuation of 09/048,242) 



Remarks 



No new matter has been added by the foregoing amendments, which have been made to 
update the priority information shown in the specification, to delete the sequence listing from the 
parent case, and to direct entry of the substitute sequence listing for the present application into 
the appropriate location in the specification. Accordingly, entry of the foregoing amendments are 
respectfully requested. 

In accordance with 37 C.F.R. §§ 1.821-1.825, the substitute sequence listing appended 
hereto contains no new matter (beyond updating the current and prior application data), and the 
paper and computer-readable copies of the substitute sequence listing filed herewith are the same. 

Applicants believe that the present application is now in condition for examination. If the 
Examiner believes, for any reason, that personal communication will expedite prosecution of this 
application, the Examiner is invited to telephone the undersigned at the number provided. 



Respectfully submitted, 



Sterne, Kessler, Goldstein & Fox p.l.l.c. 




Brian J. Del Buono 
Agent for Applicants 
Registration No. 42,473 



Date: V?, l%% 
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Washington, D.C. 20005-3934 
(202)371-2600 
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Nucleic Acid Ladders 



CROSS REFERENCE TO RELATED APPLICATION 

The present application claims priority to U. S . Provisional ApplicationNo . 
60/040, 9 1 4, filed March 27, 1 997, the contents of which are entirely incorporated 
5 herein by reference. 

FIELD OF THE INVENTION 

The present invention is in the field of molecular biology. In particular, the 
: invention relates to determining the size of nucleic acid molecules by comparing 

: such nucleic acid molecules to a nucleic acid marker ladder (single- or double- 

- 10 stranded) having a known size. 

BACKGROUND OF THE INVENTION 

Electrophoresis 

A common method of analyzing nucleic acid (e.g., DNA or RNA) 
~= fragments is by separation in an agarose or polyacrylamide gel matrix. Such 

15 matrices provide a medium in which such fragments of different sizes and forms 

may be analyzed. In the presence of an electrical current, nucleic acid fragments 
will migrate through such a gel matrix in the direction of the positive electrode. 
Since small, linear nucleic acid molecules migrate more easily and quickly through 
the pores of the gel than do larger molecules, the matrix acts as a molecular sieve, 
20 separating fragments of different sizes. Larger nucleic acid fragments are typically 

electrophoresed on low concentration agarose gels, while smaller fragments are 
separated on higher concentration agarose gels or on polyacrylamide gels, since 
polyacrylamide has a higher resolution capacity than agarose. 
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Detection of Nucleic Acid Fragments 

Detection of nucleic acid molecules electrophoresed in agarose or 
polyacrylamide gels can be accomplished by a variety of techniques, including the 
use of fluorescent dyes such as ethidium bromide and SYBR Green. These dyes 
5 bind to the nucleic acid molecules and fluoresce when exposed to UV light. 

Alternatively, the nucleic acid molecules can be detectably labeled by chemically 
coupling them with radioactive, fluorescent or chemiluminescent labels. 

Sizing Standards 

For the purpose of analyzing nucleic acid fragments on agarose or 

= 10 polyacrylamide gels, nucleic acid molecular weight standards are very useful tools, 

providing the researcher with a point of reference for estimating the quality, size, 

3 and/or quantity of the nucleic acid sample. A standard is typically run 

simultaneously on the gel with the sample (e.g., in parallel with the sample), and 
following detection, a comparison is made between the sample band(s) and the 

J.5 bands of the standard. Knowing the size (in base pairs) of the standard allows the 

size of the unknown fragment(s) to be estimated. 

I Common standards used for estimating the size of nucleic acid fragments 

on gels include naturally occurring genomic DNA of bacteriophages (e.g. , lambda 
bacteriophage and (j>X174). To prepare such standards, the phage genomic DNA 
20 is cleaved into a population of nucleic acid fragments of known size using a 

specific restriction endonuclease. These types of standards are commonly called 
"nucleic acid markers" (e.g., "DNA markers"). 

Another type of nucleic acid standard is produced by engineering plasmids 
to contain recognition/cleavage sites for one or more specific restriction 
25 endonucleases at particular intervals in the plasmid. See, e.g., WO 95/11971. 

Upon digestion of the plasmid with the specific endonuclease(s), nucleic acid 
fragments of specific known sizes are generated. For accuracy in size 
determination and for ease of use, it is beneficial to have numerous bands that 



increase in size in regular, even intervals. The bands of the standard should also 
be able to be detected with equivalent intensity. These types of standards are 
commonly called "nucleic acid ladders" (e.g., "DNA ladders"). 

A 10 bp DNA ladder which consists of a set of twenty fragments 
containing repeats of a 10 bp sequence is commercially available from Life 
Technologies, Inc. (Gaithersburg, Maryland). This ladder is constructed by 
ligation of synthetic double-stranded oligonucleotides, and is not generated from 
a plasmid. The multimers in the ladder contain multiple deoxyuracil bases in one 
strand and can be converted to a single-stranded form by incubation with uracil 
DNA glycosylase (UDG), which degrades the uracil-containing strand. Bands at 
10 bp and 100 bp are highlighted for orientation within the standard. 

This 10 bp DNA ladder can be used for sizing double-stranded DNA, or 
treated with UDG as described above for sizing single-stranded DNA, and may be 
stained with ethidium bromide or end-labeled with T4 polynucleotide kinase. 
However, due to the nature of the production procedure (ligation of 
oligonucleotides), it is not amenable to fluorescent detection, nor is it useful for 
Amplification Fragment Length Polymorphism (AFLP) analysis (Vos etal, Nucl. 
Acids. Res. 23:4407-4414 (1995)), primarily because the resulting range of 
fragment sizes is too low and the electrophoretic bands are not sharply resolved. 

Other commercially available products include a 20 bp DNA ladder sold 
by GenSura, a 20 bp DNA ladder sold by Invitrogen (these may be the same 
product sold by the two companies), and LTI's 25 bp ladder. TheLTI 25 bp DNA 
ladder is derived from a plasmid engineered to contain several repeats of a 25 bp 
sequence which can be digested by restriction enzymes to generate bands 
increasing in size by 25 bp. The repeated sequence in the LTI 25 bp DNA ladder, 
however, can be used only for sizing double-stranded DNA 
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BRffiF SUMMARY OF THE INVENTION 



The present invention relates to a nucleic acid molecule comprising two 
or more copies of a repeat-containing sequence having the formula 

5 (Y x Y 2 ) n 
wherein: 

Xi and X 2 are single nucleotides or derivatives thereof which may or may 
not be identical; 

Y x and Y 2 are single nucleotides or derivatives thereof complementary to 
10 X t and X 2 , respectively; and 

n is an integer from 1 to 1 x 10 10 , 
and wherein two or more of the repeat-containing sequence copies are separated 
by a restriction site and the nucleotide compositions of (X^^ and (Y 1 Y 2 ) n are 
substantially identical. The invention also relates to a nucleic acid molecule 
15 comprising two or more copies of a repeat-containing sequence having the 

formula 

B m( Y l Y 2 )„ 

wherein: 

20 X x and X 2 are single nucleotides or derivatives thereof which may or may 

not be identical; 

Yj and Y 2 are single nucleotides or derivatives thereof complementary to 
X x and X 2 , respectively; 

n is an integer from 1 to 1 x 10 10 ; 
25 A is a nucleotide or a derivative thereof; 

B is a nucleotide or a derivative thereof; and 

m is an integer from 1 to 100, 
wherein two or more of the repeat-containing sequence copies are separated by 
a restriction site and wherein the nucleotide compositions of (X 1 X 2 ) n A m and 
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BJY^Xj are substantially identical. The invention is particularly directed to such 
nucleic acid molecules which are DNA molecules, RNA molecules, or DNA/RNA 
hybrid molecules, and to such molecules which may be double-stranded. 

In another aspect, the invention is directed to such molecules wherein two 
5 or more of the repeat-containing sequence copies are separated by cleavage at the 

restriction site. In preferred such aspects, 2 to 500, 2 to 100 or 2 to 50 of said 
repeat-containing sequence copies are separated by cleavage at said restriction 
site. The invention is also directed to such separated repeat-containing sequence 
copies which are detectably labeled or which are subjected to conditions favoring 
; ; 1 0 the conversion of the sequences into a single-stranded form which may themselves 

: ; be detectably labeled. Preferred detectable labels for this aspect of the invention 

\ include radiolabels, fluorescent labels and chemiluminescent labels. 

i= The invention is also directed to the above-described nucleic acid 

molecules, wherein each of the repeat-containing sequence copies are the same 
■■ 15 length. In particular, the invention is directed to such nucleic acid molecules 

\ ^ wherein each of the repeat-containing sequence copies has a length of from about 

; = 5 nucleotides to about 1000 nucleotides and more preferably a length of from 

' -- about 5 nucleotides to about 100 nucleotides. 

The invention is also directed to the above-described nucleic acid 
20 molecules wherein (X 1 X 2 ) and (Y 1 Y 2 ) are identical, and to those wherein the 

repeat-containing sequence is a palindromic sequence. 

The invention is also directed to the above-described nucleic acid 
molecules wherein the nucleotides or derivatives thereof are selected from the 
group consisting of dUTP, dATP, dTTP, dCTP, dGTP, dITP, 7-deaza-dGTP, 
25 ad ATP, adTTP, adGTP, adCTP, ddATP, ddTTP, ddCTP and ddGTP. In 

additional preferred nucleic acid molecules of the invention, n is an integer from 
1 to 1 x 10 6 . In other preferred nucleic acid molecules of the invention, n is an 
integer from 1 to 1 x 10 3 and m is an integer from 1 to 10. 
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The invention is also directed to vectors comprising the above-described 
nucleic acid molecules, particularly the plasmid vector pAH102.4. The invention 
is also directed to a host cell comprising the above-described nucleic acid 
molecules or vectors. 

The invention is also directed to nucleic acid ladders comprising the above- 
described nucleic acid molecules. The invention also provides methods for making 
additional nucleic acid ladders, a preferred such method comprising 

(a) mixing the above-described nucleic acid molecule with a 
restriction enzyme which cleaves at the restriction site; and 

(b) incubating the mixture under conditions favoring the 
cleavage of the nucleic acid molecule at one or more of the restriction sites. 
Preferably, such cleavage is a partial digestion to form a population of multimers 
{e.g., monomer repeat, dimer repeat, trimer repeat, tetramer repeat, etc.), thereby 
forming a ladder. In a preferred such aspect, the invention provides such methods 
further comprising treating the nucleic acid molecule under conditions favoring the 
conversion of the nucleic acid molecule into a single-stranded form. 

The invention also provides methods for detennining the size of a nucleic 
acid molecule, a preferred such method comprising 

(a) separating the nucleic acid ladder of the invention, and the 
nucleic acid molecule to be sized, according to size; and 

(b) determining the size of the nucleic acid molecule by 
comparison to the nucleic acid ladder. 

The invention also relates to kits comprising a carrier means, such as a 
box, carton or the like, being compartmentalized to receive in close confinement 
therein one or more container means, such as tubes, vials, ampules, bottles or the 
like, wherein a first container means comprises the nucleic acid molecule or ladder 
of the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 depicts a plasmid map of pAH102.4 described in Example 1. 

Figure 2 depicts a gel showing a comparison of the 10 bp ladder of the 
present invention to various commercially available ladders. Lane 1: 25 bp 
commercial ladder (Life Technologies, Inc.). Lane 2: 10 bp commercial ladder 
(Life Technologies, Inc.). Lane 3 : 10 bp ladder of the present invention. Lane 4: 
20 bp Superladder-Low™ commercial ladder (GenSura). Lane 5: 20 bp 
commercial ladder (Invitrogen). 

Figure 3 depicts a 32 P-labeled single-stranded 1 0 bp ladder of the invention 
(duplicate samples in lanes 1 and 2). 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to nucleic acid molecules which may be used 
as standards for estimating the size (in base pairs) and mass of linear, double- 
stranded or single-stranded nucleic acid molecules separated by size, preferably 
by electrophoresis on agarose or polyacrylamide gels. The nucleic acid molecules 
of the invention may be DNA molecules, RNA molecules or DNA/RNA hybrid 
molecules, and may be double-stranded or single-stranded. 

In particularly preferred aspects of the invention, the nucleic acid 
molecules are produced from vectors designed to contain at least two copies, 
preferably about 2 to about 500 copies, 20 to 100 copies or 2 to 50 copies, and 
most preferably about 200 to about 300 copies, of a repeat-containing sequence. 
The repeat-containing sequences contained in the nucleic acid molecules of the 
invention are preferably about 5 to about 1000 nucleotides (for single-stranded 
nucleic acid molecules) or base pairs (for double-stranded nucleic acid molecules) 
in length, and most preferably about 5-100 nucleotides or base pairs in length. In 
a preferred aspect of the invention, each of the repeat-containing sequences is of 



the same size (i.e., length). In another preferred aspect of the invention, the 
repeat-containing sequences have the same base compositions in the top and 
bottom strands. The repeat-containing sequences having the same base 
composition may be palindromic sequences, where the sequence of the top and 
bottom strands are mirror images. According to the invention, the top and bottom 
strands of the repeat-containing sequence need only be substantially identical in 
base composition. By "substantially identical in base composition" is meant that 
the top and bottom strands of the repeat-containing sequence are about 80%, 
preferably at least about 90%, more preferably at least about 95%, still more 
preferably at least about 98% or about 99%, and most preferably at least about 
100%, identical in base composition. Although substantially identical base 
compositions include palindromic sequences, the order of the sequence in the top 
and bottom strand need not be the same according to the invention. 

Example repeat-containing sequences of the invention include but are not 
limited to: 



ATCTCAGGAT (SEQ ID NO: 1) 
TAGAGTCCTA 



ATCAGTCGAT (SEQ ID NO:2) 
TAGTCAGCTA 



ATCGCATGAT (SEQ ID NO :3) 
TAGCGTACTA 



ATCATGCGAT (SEQ ID NO:4) 
TAGTACGCTA 



According to this aspect of the invention, a particularly preferred nucleic 
acid molecule contains about 231 repeats, each of which is about 5-100 
nucleotides or base pairs in length. The size of the repeats is preferably selected 
to be a multiple of an integer, wherein the integer is two or more. In one preferred 



embodiment, the integer is 10, 50 or 100. More preferably, the repeat sequence 
is a 10 bp sequence. 

In order to prepare the repeat-containing nucleic acid molecules of the 
invention, one may first prepare an oligonucleotide that contains multiple copies 
of a repeat. The oligonucleotide may be prepared by methods of solid phase 
synthesis or other methods suitable for synthesis of oligonucleotide molecules that 
will be apparent to one of ordinary skill in the art. 

According to one aspect of the invention, a preferred such oligonucleotide 
may be represented by the Formula (I): 

(XiY 2 ) n (I) 

wherein: 

X x and X 2 are single nucleotides or derivatives thereof which may or may 
not be identical; 

Y t and Y 2 are single nucleotides or derivatives thereof complementary to 
X 1 and X 2 , respectively; and 

n is an integer from 1 to 1 x 10 10 . 
In particularly preferred nucleic acid molecules of this aspect of the invention, X x 
and X 2 are not identical. In other particularly preferred nucleic acid molecules of 
this aspect of the invention, two or more of the repeat-containing sequence copies 
represented by X X X 2 and YjY 2 are separated by a restriction site, and the 
nucleotide compositions of P^X^ and (Y 1 Y 2 ) n are substantially identical. 
Preferably, the nucleotide compositions of (X^j) and (Y^-j) are the same. In 
other particularly preferred nucleic acid molecules of this aspect of the invention, 
n is an integer from 1 to 1 x 10 6 . 

According to another aspect of the invention, an alternative preferred 
oligonucleotide may be represented by the Formula (II): 

bjy.y^ (n) 
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wherein: 

X, and X 2 are single nucleotides or derivatives thereof which may or may 
not be identical; 

Yy and Y 2 are single nucleotides or derivatives thereof complementary to 
5 X x and X 2 , respectively; 

n is an integer from 1 to 1 x 10 10 ; 

A is a nucleotide or a derivative thereof; 

B is a nucleotide or a derivative thereof; and 

m is an integer from 1 to 100. 
10 In particularly preferred nucleic acid molecules of this aspect of the invention, X 1 

and X 2 are not identical. In other particularly preferred nucleic acid molecules of 
this aspect of the invention, two or more of the repeat-containing sequences 
represented by X,,X 2 and are separated by a restriction site, and the 

nucleotide compositions of (XjXX^m and BJY^n are substantially identical. 
15 Preferably, the nucleotide composition of p^X^A^ and B m (YjY 2 ) n are the same. 

In other particularly preferred nucleic acid molecules of this aspect of the 
invention, n is an integer from 1 to 1 x 10 3 and m is an integer from 1 to 10. 

According to the invention, nucleotides or derivatives thereof suitable for 
preparing the oligonucleotides and nucleic acid molecules of the invention include, 
20 but are not limited to, dUTP, dATP, dTTP, dCTP, dGTP, dITP, ATP, TTP, UTP, 

GTP, CTP, 7-deaza-dGTP, ocdATP, adTTP, ocdGTP, adCTP, ddATP, ddTTP, 
ddCTP and ddGTP. Other nucleotides (deoxy and dideoxy) and derivatives 
thereof suitable for use in forming the nucleic acid molecules of the invention will 
be familiar to one of ordinary skill in the art. 
25 The repeat-containing sequences of the invention may be ligated to 

produce multiple repeats. Since such repeats are separated by restriction sites 
according to the invention, one or more of these repeats may subsequently be 
separated by cleavage with a restriction enzyme such as a blunt-end or sticky-end 
restriction endonuclease. A restriction endonuclease is an enzyme that has the 



capacity to recognize a specific base sequence (usually 4, 5, or 6 base pairs in 
length) in a DNA molecule, and to cleave the DNA molecule where this sequence 
appears. In the practice of the present invention, restriction enzymes and 
restriction sites should be chosen which give identical blunt-end or sticky-end 
fragments. Examples of blunt-end restriction enzymes suitable for use in the 
invention, and their cleavage sites, include without limitation: 



AM 5'-AGiCT-3' 
3-TCTGA-5' 

Dral 5'-TTTi AAA-3' 

S'-AAATTTT-S' 

EcoAl HI 5'-AGC 1 GCT-3' 
y-TCGICGA-5' 

EcoKV 5'-GATlATC-3' 
S'-CTATTAG-S' 

5'-TGClGCA-3' 
3'-ACG!CGT-5' 

5'-GTTlAAC-3' 
3'-CAATTTG-5' 

5'-TGGiCCA-3' 
3'-ACCtGGT-5' 

S'-TCGICGA-S" 
3'-AGCIGCT-5' 

5'-CAGlCTG-3' 
3'-GTCTGAC-5' 

5'-GTlAC-3' 
3'-CAITG-5' 



Fspl 

Hpal 

Mscl 

Nrul 

Pvull 

Rsal 



Seal 



5'-AGTlACT-3' 
3'-TCA?TGA-5' 
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.,„ 10 



Smal 



Sspl 



Stul 



Thai 



Dral 



5'-CCClGGG-3' 
3'-GGGTCCC-5' 

5'-AATlATT-3' 
3'-TTAtTAA-5' 

5'-AGGiCCT-3' 
3'-TCCTGGA-5' 

3'-GCTGC-5' 

5'-TTTlAAA-3' 
S'-AAAtTTT-S' 



Examples of sticky-end restriction enzymes suitable for use in the 
invention, and their cleavage sites, include without limitation: 



15 



20 



25 



Aval 



BarriHl 



Banll 



BgKl 



Clal 



EcoBI 



Hindlll 



Hpall 



5'-CiPyCGPuG-3' 
3'-GPuGCPyTC-5' 

S'-GiGATCCX?' 
3'-CCTAGTG-5' 

5'-GPuGCPyiC-3' 
3'-CtPYCGPuG-5' 

5'-AlGATCT-3' 
S'-TCTAGTA-S' 

S'-ATICGAT-S 1 
3'-TAGCTTA-5' 

5'-GlAATTC-3' 
3'-CTTAATG-5' 

5*-AlAGCTT-3' 
3'-TTCGAtA-5' 

5'-ClCGG-3' 
3'-GGCtC-5' 
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Kpnl 5'-GGTACiC-3' 
3'-CTCATGG-5' 

Msel 5>-TITAA-3' 
3'-AATtT-5' 

Ncol S'-CICATGG-S' 
3'-GGTACTC-5' 

Ndel 5'-CAiTATG-3' 
3'-GTATTAC-5' 

Notl 5'-GC I GGCCGC-3 

3'-CGCCGGTCG-5 

Pstl 5'-CTGCAIG-3* 
3'-GTACGTC-5' 

Pvul 5'-CGATlCG-3' 
S'-GCTTAGC-S' 

SacVSstl 5'-GAGCT i C-3' 
3'-CTTCGAG-5' 

SaR 5'-GiTCGAC-3' 
3'-CAGCTTG-5' 

Xbal 5'-TICTAGA-3' 
3'-AGATCTT-5* 

Xhol 5'-ClTCGAG-3' 
3'-GAGCTTC-5' 



The above-mentioned restriction enzymes, and others that may be 
equivalently used in the present invention, are available commercially, for example 
from Life Technologies, Inc. (Rockville, MD). See also Roberts, R.J., Nucl. Acids 
Res. 77(Suppl.):r347-r387 (1989), for other examples of restriction enzymes and 
their cleavage sites. 

As will be understood by those of ordinary skill in the art, the nucleic acid 
molecules used to form the nucleic acid sizing ladder of the invention are 
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preferably linear or circular DNA molecules which are cleavable by a restriction 
enzyme. For example, the nucleic acid molecules may be derived from a 
chromosome, a vector, a cosmid, a plasmid or a viral genome. Preferably, the 
nucleic acid molecules are vector or viral molecules and derivatives thereof. The 
5 nucleic acids present in the vector or viral molecule may include exogenous 

nucleic acids which have been joined to produce the vector or viral molecule. In 
one preferred embodiment, the nucleic acid is DNA. 

Preferably, the nucleic acid molecule contains an origin of replication (for 
example, ori) such that the nucleic acid molecule may autonomously replicate 

10 within a host cell. It is also preferable that the nucleic acid molecule contains a 

selectable or screenable marker. The origin of replication and the marker may be 
present on the same fragment. Host cells containing the nucleic acid molecule of 
the invention may be cultured and selected with a selection agent corresponding 
to the selectable marker. 

15 According to the invention, the repeat sequences may be ligated into a 

vector which is then transformed into a host cell, the host cell is cultured, lysed 
and the vector isolated by well known techniques. The vector may then be cut 
with the restriction endonuclease that recognizes a restriction endonuclease site, 
thereby separating the repeats to give multiple copies of the repeat fragment. 

20 These multiple copies may be ligated together to form multimers, e.g., dimers, 

trimers, tetramers, pentamers, hexamers and the like. Alternatively, partial 
digestion of the vector provides for multimers of varying sizes. Such multimers 
of variable size {e.g., monomers, dimers, trimers, etc.) are used as sizing ladders 
according to the invention. Such sizing ladders may be double-stranded or single- 

25 stranded. Single-stranded ladders may be formed from double-stranded nucleic 

acid molecules or ladders of the invention by techniques that are well-known to 
one of ordinary skill in the art, such as heat or chemical denaturation. 

As described in more detail in Example 1 below, preferred nucleic acid 
ladder may be produced from the plasmid pAHl 02.4 (Figure 1) by first digesting 
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the plasmid to completion with Stul to generate two copies of a 1 00 bp sequence 
and seven "cassettes" each containing 33 10-bp repeats (see Figure 1). The 
cassettes are then partially digested with EcoRV restriction enzyme to generate 
fragments increasing in size by increments of 10 bp, the largest fragment being 
5 330 bp. The 100 bp fragment acts as an internal orientation marker within the 

ladder by increasing the brightness of the 100 bp band two to three times 
compared with the other bands in the ladder. Of course, the steps of complete 
digestion and partial digestion may be reversed in sequence. 

The sizing ladder of the present invention can be used for estimating the 

10 size (in bp) of double-stranded nucleic acid (e.g., DNA or RNA) fragments, 

preferably by electrophoresis on agarose or native polyacrylamide gels. This 
ladder can also be used to size single-stranded nucleic acid fragments when the 
strands are separated by heat or chemical denaturation. In particular, the 10 bp 
ladder containing the repeat sequence of SEQ ID NO: 1 is useful as a standard for 

15 sizing linear, double-stranded and single-stranded nucleic acid fragments in the 10 

bp to 330 bp range. The ladder of the present invention can also be detectably 
labeled, for example with a radiolabel, fluorescent label or chemiluminescent label 
as described below, and used as a standard in nucleic acid polymorphism analyses 
such as AFLP (EP 0 534 858; Vos, P. et al, Nucl. Acids Res. 23(21)A401-4AU 

20 (1 995)), Random Amplified Polymorphic DNA (RAPD; Williams, J.G.K. et al, 

Nucl. Acids Res. 18(22):653 1-6535 (1990)), DNA Amplification Fingerprinting 
(DAF; Caetano-Anolies et al, Bio/Technology P:553-557 (1991)) and 
microsatellite PCR or Directed Amplification of Minisatellite-region DNA 
(DAMD; Heath, D.D. et al, Nucl Acids Res. 2 1(24) :5782-5785 (1993)). 

25 Alternatively, the ladder of the invention may be used as a reference in unlabeled 

versions of the above-described techniques. 

The nucleic acid marker ladder of the present invention may be single- 
stranded or double-stranded. The double-stranded ladder is obtained directly from 
the double-stranded nucleic acid construct of the invention. Single strands may 
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be obtained by heating the double-stranded nucleic acid construct of the invention, 
or by treating it with a chaotropic agent or with a helicase. Alternatively, single 
strands will be obtained when separating the ladder on SDS-PAGE. 

The migration of nucleic acid fragments on polyacrylamide gels is 
5 influenced by nucleotide base composition as well as size; that is, two nucleic acid 

bands containing the same number of base pairs but different nucleotide base 
compositions may migrate differently on polyacrylamide gels. According to the 
present invention, the base composition of the top strand of the repeat of the 
ladder is substantially the same as the base composition of the bottom strand, so 

1 0 the two nucleic acid strands will migrate identically when separated on denaturing 

polyacrylamide gels. Preferably, the base composition of the top and bottom 
strands are the same, for example, as with palindromic nucleic acid sequences. 
This is a major advantage over the known ladders which give rise to substantially 
different top and bottom single strands when separated. 

15 The ladder bands can be detectably labeled by staining with ethidium 

bromide or SYBR Green, or by end-labeling using T4 polynucleotide kinase. 
Thus, another aspect of the invention relates to the ladder of the present invention 
which is detectably labeled with a stain or other detectable label. Labels suitable 
for detectably labeling the ladder of the invention include, but are not limited to, 

20 radiolabels {e.g., 32 P, 14 C, 3 H and the like), fluorescent labels (e.g., fluorescein, 

rhodamine, phycocyanin and the like) and chemiluminescent labels (e.g., using the 
PHOTO-GENE™ or ACES™ chemiluminescence systems, available 
commercially from Life Technologies, Inc., Rockville, Maryland). 

In another embodiment, the present invention relates to a nucleic acid 

25 marker kit comprising a carrier means such as a box or carton having in close 

confinement therein at least one container means such as vials, tubes, jars, ampules 
and the like. A first container means may comprise the nucleic acid molecule or 
ladder of the present invention, in optionally labeled form. The first container 
means may also comprise a storage buffer such as about 10 mM TRIS-HC1 (pH 
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8.0), about 1 mM EDTA and, optionally, about 50 mM NaCl. The nucleic acid 
marker ladder may be present at a concentration of about 1 uM, and is preferably 
stored at about -20°C until use. A further container means may contain a reagent 
capable of detectably labeling the ladder of the present invention, such as ethidium 
bromide, S YBR Green, or T4 polynucleotide kinase. 

Having now generally described the invention, the same will be more 
readily understood through reference to the following Examples which are 
provided by way of illustration, and are not intended to be limiting of the present 
invention, unless specified. 

Examples 

Example 1: Preparation of the Nucleic Acid Ladder 

The plasmid pAH102.4 (Figure 1) was prepared as follows. A 65 bp 
oligonucleotide molecule was synthesized having the following sequence (SEQ ID 
NO:5): 

5'-AATTCTCGGG ATATCTCAGG ATATCTCAGG ATATCTCAGG 
3'-GAGCCC TATAGAGTCC TATAGAGTCC TATAGAGTCC 

ATATCTCAGG ATATCTCGGG CTGCA-3' 
TATAGAGTCC TATAGAGCCC G-5' 

The synthesized oligonucleotide was ligated into the pUCl 8 plasmid (Life 

Technologies, Inc., Rockville, MD) between the EcoRI and PstI cloning sites to 

give plasmid pUC1810a. This plasmid was then cut with Aval to generate a 50 

bp DNA fragment containing five repeats of the 1 0 bp sequence (SEQ ID NO : 1 ) : 

5 '- ATCTC AGGAT-3 ' 
3 '-TAGAGTCCTA-5' 
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A new plasmid, pAH 102.1, was generated from pUC19 by retaining the 
origin of replication and amp genes of pUC19, and modifying its multiple cloning 
sites to contain restriction sites for Kpril, Stul, EcoKV, Aval, Banll, Hindlll, 
EcdRI and BglR. A series of repeats of the 50 bp fragment was inserted into the 
5 Aval site of plasmid pAH102. 1 by adding an excess amount of the 50 bp fragment 

in the ligation reaction mixture. A plasmid containing a hexamer of the 50 bp 
DNA was selected by direct size measurement of the DNA fragments of the 
resulting clones. This hexamer-containing plasmid was designated pAH102.2, and 
was cleaved with Banll to generate a 330 bp fragment. A series of repeats of this 

10 330 bp fragment was inserted into the Banll site of pAH102.2 and a plasmid 

containing a heptamer of the 330 bp fragment and 42 copies of the 50 bp fragment 
was selected and designated as plasmid pAH102.3. 

A DNA fragment containing three Stul restriction sites at 100 bp intervals 
was generated by amplifying phage X DNA (Life Technologies, Inc., Rockville, 

15 Maryland) from position 3 1,384 to position 3 1,571 using the following primers: 



Primer I: 5'-CAA CAA CAA GAA TTC AGG CCT AGC C AG TGC CTC GTC 
CAT TTT T-3' (SEQ ID NO:6) 

Primer II: 5'-CAA CAA CAA AAG CTT CTT ACA TGG CCC AGG TGC 
AGT A-3' (SEQ ID NO:7) 

20 

This PCR-amplified X DNA fragment was cleaved with EcoRl and Hindlll and 
inserted into plasmid pAH102.3 between the engineered EcoRI and Hindlll sites 
to give the desired plasmid, designated pAH102.4 (see Figure 1). The 
recombinant host cell comprising pAH102.4, E. coli STBL2(pAH102.4), was 
25 deposited on March 26, 1997, with the Collection, Agricultural Research Culture 

Collection (NRRL), 1815 North University Street, Peoria, Illinois 6 1 604 US A, as 
Deposit No. NRRL B-21674. 

The 10 bp ladder was produced from pAH102.4 by first digesting the 
plasmid to completion with Stul, thereby releasing two copies of a 100 bp 
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sequence and seven "cassettes" each containing 33 10 bp repeats. The cassettes 
were partially digested with EcoKV, carefully monitoring the enzyme 
concentration and incubation time such that the conditions favored the generation 
of fragments increasing in size in 10 bp increments, the largest fragment being 330 
5 bp. In this ladder, the 100 bp fragment exhibited a density two to three times 

higher than that of the other bands in the ladder; this fragment thus acts as an 
internal orientation marker within the ladder. 



Example 2: Comparison of the 10 bp Ladder to Commercially Available 
1 Ladders 

10 To further characterize the nucleic acid ladder of the invention, the 

electrophoretic pattern of the double- stranded ladder was compared to that of 
several commercially available nucleic acid ladders. LTI's 25 bp ladder (1 ug, 
lane 1); LTI's 10 bp ladder (2 ug, lane 2); the 10 bp ladder produced according 
to Example 1 (2 ug, lane 3); GenSura's Superladder-Low™ 20 bp ladder (1 ug, 
45 lane 4), and Invitrogen's 20 bp ladder (0. 8 ug, lane 5) were applied to a 4% LMP 

I agarose gel containing 0.5 ug/ml ethidium bromide. The ladders where 

electrophoresedfor 3.5 hat 75 VinaGIBCOBRL HORIZON® 11.14 apparatus. 

As shown in Figure 2, the 10 bp ladder of the invention (lane 3) produced 
enhanced resolution, in 10 bp increments, of nucleic acid size compared to other 

20 commercially available nucleic acid sizing ladders. The present ladder also 

produced a 100 bp band of about 2- to 3-fold higher intensity than other bands, 
thus providing an internal sizing reference marker in the ladder of the invention. 
These results indicate that the double-stranded ladder of the invention facilitates 
rapid analysis of the size of double-stranded nucleic acid molecules with about 10 

25 bp resolution. 
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Example 3: Production and Characterization of Single-stranded Ladder 

To determine the utility of the present ladder in estimating the size of 
single-stranded nucleic acid molecules, a single-stranded ladder was prepared as 
described above and end-labeled with 32 P using T4 kinase. Samples of this ladder 
were then electrophoresed as described above. 

As shown in Figure 3, the 32 P-labeled single-stranded ladder produced 
clearly resolved bands in the gel in 10 nucleotide increments. The range of sizes 
easily resolvable with this ladder was from about 10 nucleotides to about 330 
nucleotides. These results demonstrate that the single-stranded ladder of the 
invention facilitates rapid analysis of the size of single-stranded nucleic acid 
molecules with about 10 bp resolution. 

Having now fully described the present invention in some detail by way 
of illustration and example for purposes of clarity of understanding, it will be 
obvious to one of ordinary skill in the art that the same can be performed by 
modifying or changing the invention within a wide and equivalent range of 
conditions, formulations and other parameters without affecting the scope of the 
invention or any specific embodiment thereof, and that such modifications or 
changes are intended to be encompassed within the scope of the appended claims. 

All publications, patents and patent applications mentioned in this 
specification are indicative of the level of skill of those skilled in the art to which 
this invention pertains, and are herein incorporated by reference to the same extent 
as if each individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANTS: HU, A-LI W. 

HARTLEY, JAMES L. 
JORDAN, HEATHER J. 

(ii) TITLE OF INVENTION: NUCLEIC ACID LADDERS 

(iii) NUMBER OF SEQUENCES: 7 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: STERNE, KESSLER, GOLDSTEIN & FOX, P.L.L.C. 

(B) STREET: 1100 NEW YORK AVENUE N.W., SUITE 600 

(C) CITY: WASHINGTON 

(D) STATE: DC 

(E) COUNTRY: USA 

(F) ZIP: 20005 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS- DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: - 

(A) APPLICATION NUMBER: (To be assigned) 

(B) FILING DATE: (Herewith) 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60/040,914 

(B) FILING DATE: 27-MAR-1997 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: ESMOND, ROBERT W. 

(B) REGISTRATION -NUMBER: 32,893 

(C) REFERENCE/DOCKET NUMBER: 0942.4340001 

(ix) TELECOMMUNICATION INFORMATION : 

(A) TELEPHONE: (202)371-2600 

(B) TELEFAX: (202)371-2540 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



AT C T C AG GAT 



(2) INFORMATION FOR SEQ ID NO: 2: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 



ATCAGTCGAT 



(2) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 



AT C GCAT GAT 



(2) INFORMATION FOR SEQ ID NO : 4 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
AT CAT GCGAT 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 65 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AATTCTCGGG ATATCTCAGG ATATCTCAGG ATATCTCAGG ATATCTCAGG ATATCTCGGG 60 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CAACAACAAG AATTCAGGCC TAGCCAGTGC CTCGTCCATT TTT 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CAACAACAAA AGCTTCTTAC ATGGCCCAGG TGCAGTA 



37 
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WHAT IS CLAIMED IS: 

1 . A nucleic acid molecule comprising two or more rep eat-containing 
sequences having the formula 

(XiX 2 ) n 

era. 

wherein: 

Xj and X 2 are single nucleotides or derivatives thereof which may or may 
not be identical; 

Y 1 and Y 2 are single nucleotides or derivatives thereof complementary to 
X t and X 2 , respectively; and 

n is an integer from 1 to l x 10 10 , 
and wherein two or more of said repeat-containing sequence copies are separated 
by a restriction site and the nucleotide compositions of (XjX.^ and (Y^Y^ are 
substantially identical. 

2. Anucleic acid molecule comprising two or more repeat-containing 
sequences having the formula 

wherein: 

X t and X 2 are single nucleotides or derivatives thereof which may or may 
not be identical; 
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Y t and Y 2 are single nucleotides or derivatives thereof complementary to 
X l and X 2 , respectively; 

n is an integer from 1 to 1 x 10 10 ; 

A is a nucleotide or a derivative thereof; 

B is a nucleotide or a derivative thereof; and 

m is an integer from 1 to 100, 
wherein two or more of said repeat-containing sequence copies are separated by 
a restriction site and wherein the nucleotide compositions of (X 1 X 2 ) n A m and 
B m (Y 1 Y 2 ) n are substantially identical. 

3. The nucleic acid molecule of claim 1 or claim 2, wherein said 
nucleic acid molecule is a DNA molecule. 

4. The nucleic acid molecule of claim 1 or claim 2, wherein said 
nucleic acid molecule is a RNA molecule. 

5. The nucleic acid molecule of claim 1 or claim 2, wherein said 
nucleic acid molecule is a DNA/RNA hybrid molecule. 

6. The nucleic acid molecule of claim 1 or claim 2, wherein said 
nucleic acid molecule is double-stranded. 
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7. The nucleic acid molecule of claim 6, wherein two or more of said 
repeat-containing sequences are separated by cleavage at said restriction site. 

8 . The nucleic acid molecule of claim 7, wherein said cleavage forms 
monomer, dimer and trimer repeats of said repeat-containing sequence. 

9. The nucleic acid molecule of claim 8, wherein said cleavage further 
forms tetramer and pentamer repeats of said repeat-containing sequence. 

10. The nucleic acid molecule of claim 7, wherein said cleavage forms 
one or more multimer repeats of said repeat-containing sequence. 

1 1 . The nucleic acid molecule of claim 7, wherein two or more of said 
separated repeat-containing sequences are subjected to conditions sufficient to 
make said sequences single-stranded. 

12. The nucleic acid molecule of claim 7, wherein said separated 
repeat-containing sequences are detectably labeled. 

1 3 . The nucleic acid molecule of claim 1 1 , wherein said single-stranded 
sequences are detectably labeled. 
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14. The nucleic acid molecule of claim 12 or claim 13, wherein said 
detectable label is selected from the group consisting of a radiolabel, a fluorescent 
label and a chemiluminescent label. 

15. The nucleic acid molecule of claim 1 or claim 2, wherein said 
repeat-containing sequences have a length of from about 5 nucleotides to about 
1000 nucleotides. 

16. The nucleic acid molecule of claim 15, wherein said repeat- 
containing sequences have a length of from about 5 nucleotides to about 100 
nucleotides. 

17. The nucleic acid molecule of claim 1 or claim 2, wherein said 
repeat-containing sequences have substantially the same base compositions in the 
top and bottom strands. 

18. The nucleic acid molecule of claim 1 or claim 2, wherein said 
nucleotides or derivatives thereof are selected from the group consisting of dUTP, 
dATP, dTTP, dCTP, dGTP, dITP, ATP, TTP, GTP, CTP, 7-deaza-dGTP, 
adATP, adTTP, adGTP, adCTP, ddATP, ddTTP, ddCTP and ddGTP. 
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19. The nucleic acid molecule of claim 1 or claim 2, wherein n is an 
integer from 1 to 1 x 10 6 . 



20. The nucleic acid molecule of claim 2, wherein n is an integer from 
1 to 1 x 10 3 and m is an integer from 1 to 10. 



21. A vector comprising the nucleic acid molecule of claim 1 or 
claim 2. 



22. The vector of claim 21, wherein said vector is pAH102.4. 

23. A host cell comprising the nucleic acid molecule of claim 1 or 
claim 2. 



24. A host cell comprising the vector of claim 2 1 . 



25. A nucleic acid ladder comprising the nucleic acid molecule of 
claim 6. 



26. A nucleic acid ladder comprising the nucleic acid molecule of 
claim 11. 
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27. A method for making a nucleic acid ladder, said method comprising 

(a) mixing the nucleic acid molecule of claim lor claim 2 with 
a restriction enzyme which cleaves at said restriction site; and 

(b) incubating said mixture under conditions favoring the 
cleavage of said nucleic acid molecule at one or more of said restriction sites. 

28. The method of claim 27, said method further comprising treating 
said nucleic acid molecule under conditions favoring the conversion of said nucleic 
acid molecule into a single-stranded form. 

29. A nucleic acid ladder made according to the method of claim 27. 

30. A method for determining the size of a nucleic acid molecule, said 
method comprising 

(a) separating the nucleic acid ladder of claim 25 and said 
nucleic acid molecule according to size; and 

(b) determining the size of said nucleic acid molecule by 
comparison to said nucleic acid ladder. 

31. A method for determining the size of a nucleic acid molecule, said 
method comprising 
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(a) separating the nucleic acid ladder of claim 26 and said 
nucleic acid molecule according to size; and 

(b) determining the size of said nucleic acid molecule by 
comparison to said nucleic acid ladder. 

32. A method for determining the size of a nucleic acid molecule, said 
method comprising 

(a) separating the nucleic acid ladder of claim 29 and said 
nucleic acid molecule according to size; and 

(b) determining the size of said nucleic acid molecule by 
comparison to said nucleic acid ladder. 

33. A kit comprising one or more containers, wherein a first container 
contains the nucleic acid molecule of claim 1 or claim 2. 

34. A kit comprising one or more co ntainers, wherein a first container 
contains the nucleic acid ladder of any one of claims 25, 26 or 29. 



Nucleic Acid Ladders 

Abstract 



The present invention provides nucleic acid molecules which may be used 
as standards for estimating the size (in base pairs) and mass of linear, double- 
stranded or single-stranded nucleic acid molecules separated by size. The nucleic 
acid molecules of the invention may be DNA molecules, KNA molecules or 
DNA/RNA hybrid molecules, and may be double-stranded or single-stranded. The 
invention also provides methods for producing nucleic acid sizing ladders from 
these nucleic acid molecules, ladders produced by such methods, and methods for 
estimating the size and mass of nucleic acid molecules by comparison to these 
nucleic acid sizing ladders. 
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(B) STREET: 1100 NEW YORK AVENUE N.W., SUITE 600 

(C) CITY: WASHINGTON 

(D) STATE: DC 

(E) COUNTRY: USA 

(F) ZIP: 20005 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: (To be assigned) 

(B) FILING DATE: (Herewith) 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 09/048,242 

(B) FILING DATE: 26-MAR-1998 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60/040,914 

(B) FILING DATE: 27-MAR-1997 

(C) CLASSIFICATION: 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (202)371-2 600 

(B) TELEFAX: (202)371-2540 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



ATCTCAGGAT 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 
ATCAGTCGAT 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 
ATCGCATGAT 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
ATCATGCGAT 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 65 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AATTCTCGGG ATATCTCAGG ATATCTCAGG ATATCTCAGG ATATCTCAGG ATATCTCGGG 60 
CTGCA 65 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CAACAACAAG AATTCAGGCC TAGCCAGTGC CTCGTCCATT TTT 4 3 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
CAACAACAAA AGCTTCTTAC ATGGCCCAGG TGCAGTA 
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